Abstract Introduction
Introduction
Rapid sequence intubation (RSI) is a process that utilizes sedative and paralytic drugs to facilitate the placement of an endotracheal tube. Rapid sequence intubation is used in a number of emergency medical services (EMS) worldwide, including Australia, 1 numerous European countries, 2 South-Africa, 3 and in much of the United States. 4 Rapid sequence intubation in traumatic brain injuries has been the focus of research in the last two decades. In a trial in San Diego, prehospital head injured patients who underwent paramedic RSI were compared to a matched historical control group and survival outcomes compared.
Mortality was increased in the RSI cohort compared with controls (33.0% versus 24.2%, p < 0.05). 5 However, a more recent randomized controlled trial conducted in Australia contradicted the San Diego trial.
This trial suggested favourable neurological outcome at six months for paramedic RSI, compared to inhospital RSI (RR 1.28; 95% CI 1.00-1.64; P = 0.046) 1 .
Rapid sequence intubation is not only used in the prehospital setting for head injuries and trauma.
Bernard et al from Victoria, Australia found that 49% of all RSIs in their emergency medical service (EMS)
are on patients with a non-traumatic coma such as stroke and seizures (based on paramedic diagnosis). 6 Non-traumatic brain pathologies (NTBP) is defined as an acquired brain injury (either permanent or transient) that includes brain tumours, meningitis, encephalitis, hypoxic/anoxic brain injury, stroke, arteriovenous malformations, tumours, aneurysms, brain haemorrhage, as well as brain injury due to diabetes, seizures and toxicity, metabolic conditions and alcohol and drug overdose. [7] [8] [9] Whilst the prevalence of RSI for non-traumatic coma has been examined, the prevalence and survival outcomes for NTBP patients receiving paramedic RSI needs quantification. It is not clear that the evidence of effectiveness of RSI in traumatic injuries applies to NTBP, since NTBP is a heterogeneous group of pathologies and differs considerably from traumatic brain injuries in their pathophysiology. 10 Additionally, if NTBP is common in those that receive RSI then it is possible that no proof of benefit exist for a sizable proportion of RSI patients. Therefore, this study aims to quantify NTBP prevalence and survival as well as factors that predict mortality in a cohort of out-of-hospital RSI by EMS in Victoria, Australia.
Methods

Study Design
A retrospective cohort study of NTBP cases in Victoria, Australia.
Setting
This cohort consisted of patients that had received RSI from Mobile Intensive Care Ambulance (MICA)
Paramedics in Victoria and were transported to seven Melbourne-based hospitals for the period 1 January 2008 to 31 December 2015. Victoria is Australia's second most populous state with an area of 237,629 km 2 and Melbourne is the capital with a population of 4.6 million persons. Victoria has a two tier EMS system with approximately 400 MICA Paramedics in addition to 3000 Advanced Life Support (ALS) Paramedics. 6 MICA paramedics use RSI in patients with coma (Glasgow Coma Score ≤9) aged ≥14 years and if transport time is more than 10 minutes to the nearest emergency department, for both traumatic and non-traumatic coma. 6 Rapid sequence intubation training includes 24 hours of theoretical and manikin training and 16
hours experiential training in an operating room in addition to undergraduate and postgraduate instruction on advanced airway management. MICA paramedics undertake a one-day theoretical and practical reaccreditation examination annually. RSI medications used in NTBP include intravenous fentanyl, midazolam, atropine (for bradycardia) and suxamethonium. These drugs have significant impact on physiology and includes tachycardia (atropine), respiratory depression (fentanyl, midazolam), depressed level of consciousness (midazolam) and elevated potassium levels and increased intragastric pressure (suxamethonium).
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Data collection
We collected data retrospectively from eight sites 
Definitions
For the purpose of this analysis and for inclusion into the study, we defined NTBP based on the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Australian
Modification (ICD10-AM) codes from in-hospital records for an episode of care (Table S1 ). ICD10-AM codes for NTBP were grouped for the pathologies: haemorrhagic stroke, ischemic stroke, other types of stroke, neoplasms of brain, inflammatory brain diseases, anoxic/hypoxic brain injury, protracted seizures, toxicity and toxic encephalopathy, hydrocephalus, diabetic metabolic encephalopathy and other miscellaneous encephalopathies. 9, 10 Under "toxicity and toxic encephalopathy" we included all neurotoxic toxidromes that at the very least affected the functioning of the ascending reticular activating system or analogous structures to cause coma. 12 These pathologies were classified as NTBP if the brain injury was either permanent or transient. We excluded degenerative and congenital brain diseases; birth related trauma as well as cardiac arrest not in NTBP. ICD10-AM codes S06 -(intracranial injury) define traumatic intracranial brain injuries and did not form part of the NTBP cohort. However, we calculated the survival to hospital discharge of traumatic intracranial injuries to compare with NTBP.
Placement of endotracheal tube in the trachea beyond the vocal cords was confirmed using clinical means and/or end-tidal CO2 waveform. Clinical confirmation supported by end-tidal CO2 waveform and defined intubation success. Duration of mechanical ventilation is the time in days on a ventilator in ICU, and ICU length of stay was the total time for each intensive care unit admission in days. The variable 
Outcomes and independent variables
Out-of-hospital variables included demographic, date, scene and transport times, case description, vital signs (observations), paramedic-administered medications, dosages and clinical procedures. In-hospital variables included demographic, date, ICD10-AM codes, duration of ICU stay and mechanical ventilation status at separation from the emergency department and hospital. The primary outcome was survival to hospital discharge, derived from the separation disposition from in-hospital records. We accounted for comorbidities with a score by van Walraven (based on the Elixhauser index) derived from ICD 10-AM codes.
13
Statistical analysis
Stata version 14 (Stata Corp, College Station, Texas, USA) was used in this analysis. We calculated descriptive statistics for the outcomes variables, and used a maximum likelihood-fitted logistic regression model for predictors of survival to hospital discharge. Variables were included in the initial baseline model if they were significant at p<0.20 by likelihood ratio test. After step-wise elimination of non-significant variables one-at-a-time, and then back-introduction, predictors only remained in the final multivariable model if they were significant at 5% level. A change in 20% of the magnitude of estimates was used to detect the presence of confounding. 14 We assessed the linearity of the logits of all continuous predictors in the multivariable model, and if there was a deviation from linearity, we fitted fractional polynomials to these non-linear terms.
We anticipated that certain variables might have a probability mass or "spike" at the zero value and such with an Elixhauser-Walraven score to account for comorbidity, and we scaled the score to avoid negative values. Walraven adapted the Elixhauser comorbidity index into a single score, which enables a more parsimonious adjustment in analysis. 13 We specified no interactions in the design and therefore none was tested. Goodness of fit of the final model was tested using the Hosmer and Lemeshow test. 14 We anticipated variation in survival between hospitals, however if intracluster correlation was low (less than 5%) for hospital survival then we did not use a multilevel model. 16 Results from logistic regression models are presented as odds ratios in tabular form. To maximize the sample size of this cohort, we included all cases of RSI from the RSI program inception to date.
Ethics
Alfred Hospital Ethics Committee provided overall ethics approval for this multisite cohort study.
Research governance committees from each of the participating hospitals and Ambulance Victoria provided local approval.
Results
The seven participating hospitals treated 2277 patients that received paramedic RSI for all illnesses and indications from 2008 to 2015, and survival data was available for 1940 (85%). Of the 1940 complete survival dataset, 1125 (58%) had at least one hospital-diagnosed NTBP diagnosis ( Figure 1 ). For the 1125 with NTBP, survival data was complete for 1112 (99%), and no variable predicted missingness in the NTBP cohort. Twenty-two percent of all RSI patients with a NTBP had more than one instance of NTBP concomitantly, for a total number of 1433 NTBP in 1112 patients (Table 1) . Common combinations of NTBP included eight percent had a haemorrhagic stroke and hydrocephalus, five percent that had an ischemic and haemorrhagic stroke, two percent of NTBP had a malignant neoplasm and seizures and 1.2%
had a seizure and a haemorrhagic stroke together. Strokes were the most common, with 345 (24%) instances of haemorrhagic stroke, 151 (11%) ischemic stroke and 28(2%) had a stroke that was not classifiable as either haemorrhagic or ischemic ( Table 1) . The second and third most common NTBP were toxicity/toxic encephalopathy and seizures, with 324 (23%) and 315 (22%) respectively. Our results indicate 69% percent all of NTBP survived to hospital discharge, compared to 65% for traumatic intracranial injury. There was large variability in survival for the various NTBP, with haemorrhagic stroke the lowest at 31% and toxicity or toxic encephalopathy the highest survival to discharge at 98% (Table 1) . Haemorrhagic stroke had 93% lesser odds of survival to hospital discharge, compared to other NTBP; OR = 0.07 (95% CI 0.05-0.09) and toxicity and toxic encephalopathy had almost 34 times the odds of survival; OR = 33.5 (95% CI 15.6-71.7)
( Table 1) .
Forty-three (4%) of all NTBP died in the emergency department. Furthermore, 49 (4%) of all NTBP admitted to hospital had an episode of cardiac arrest of which 62% survived to discharge. Table two presents univariable logistic regression results for demographic, clinical interventions and observations.
Multivariable logistic regression for strokes and seizures indicates that age is a predictor of survival to discharge, with decreased survival with increasing age (Table 3) . Elixhauser-Walraven comorbidity score was associated with decrease in odds of survival for each additional point in a non-linear function across all multivariable analysis. For the 1940 that received RSI for all indications (trauma and medical) and for whom complete survival data were available, the prevalence of traumatic intracranial injuries was 152 (8%).
The overall RSI intubation success proportion in this NTBP cohort is 98.3% with no evidence of a significant change in success over the eight year study period, χ 2 (DF=7) = 3.9, p=0.79. Of the 468 RSI patients that had at least one kind of hospital-diagnosed stroke, paramedics were able to correctly classify these as having had a stroke in 299 cases (64%), and classified most of the rest of strokes (31%) as nonspecific or undiagnosed unconsciousness. After adjustment in the multivariable model, survival did not vary between hospitals and the intraclass correlation coefficient for the correlation of survival within hospitals was 0.002. Consequently, we did not adjust for hospital survival clustering.
Limitations
The data collected for all RSI (NTBP and all other pathologies) from the seven participating hospitals had 15% missing survival outcomes, but only one percent of the NTBP had missing survival results. It is clear that data collection for NTBP was more complete than for other illnesses. It is possible that the one percent with missing survival outcomes was systematically different from this cohort causing possible bias, despite our analysis showing that no variable predicts missingness in NTBP. As such, we believe our results are robust and relatively free of non-response bias. We did not describe the 34% that received RSI for other indications (not NTBP) as it was unfeasible given the large number of ICD10-AM that encodes these other indications. The purpose of this study is to enumerate NTBP only. There is a lack of a consistent definition of NTBP across the published research. 10 Therefore, the NTBP prevalence might differ somewhat if another definition is used. Even so, we believe our ICD10-AM based definition to be reasonable and it is in accordance with the literature. Survival to discharge of NTBP will depend on the prevalence of various illnesses that comprise NTBP. For example, if a region has more strokes than reported in this study, the survival might be less than the proportion reported here and we caution against extrapolating our results to other regions which might have a different composition of NTBP.
We only adjusted for comorbidities, but not for the illness severity with a designed-for-purpose score, as illness severity indices were not available for most NTBP. Nonetheless, we have accounted for illness severity with the Glasgow Coma Scale as it is similarly predictive of in-hospital mortality in strokes as NIHSS, 17 FOUR, 18 and APACHE II. 19 Inaccurate coding of ICD10-AM might have caused bias in the period prevalence of NTBP in this cohort. We did not construct separate models for all eight of the NTBP due to sample size limitations for some. We also accounted for comorbidities in our multivariable model with the Elixhauser-Walraven score, to lessen any imbalances in comorbidities across groups. It is important to ensure that comparison groups are similarly sick, as maldistributions of prognosis can seriously bias results from observational studies. 20, 21 In this analysis, those with a Walraven-Elixhauser score of less than 10 had 100% survival to discharge and this explains the very low survival odds of the higher scores as they are relative to these low scores with perfect survival. In addition, a slight rise and subsequent drop in survival is apparent for middle-range Walraven-Elixhauser scores. We believe that this rise is likely to coding bias, where comorbidities are under-recorded in the acutely ill (such as NTBP), compared to illness that are less acute. 22 It is likely that an increased capture of ICD10-AM codes the longer a patient stays in hospital, which leads to an association between higher scores and increased survival. An additional analysis shows a 0.34 (95% CI 0.25 to 0.44) point rise for each extra day a patient spends in ICU, suggesting coding bias. All of the NTBP in this study has the potential to cause acute illness, and we believe it is likely that the NTBP recorded for each admission was related to the decision to use RSI but cannot be guaranteed, since it is not always possible to know which NTBP caused RSI, especially in those with multiple concomitant NTBP.
Discussion
Our results revealed that 58% of paramedic RSI was on patients with a hospital-diagnosed NTBP, compared to 8% of all RSI patients with a traumatic intracranial injury. It is evident that NTBP is much more common than traumatic brain injuries among those that receive paramedic RSI in Victoria, Australia.
Our results showed a higher prevalence compared to the Bernard study, as our results were derived from inhospital diagnosis, compared to Bernard, which based their estimates on paramedic diagnosis of NTBP. 6 Survival to hospital discharge for NTBP was four percent higher than those diagnosed with a traumatic intracranial injury (69% versus 65%), although there is a large variation in survival amongst the NTBP.
Strokes were the most common NTBP, and had poor survival, which is consistent with other stroke studies.
23,24 Other common NTBP were seizures and toxicity/toxic encephalopathies (alcohol, drug medication or other chemical overdoses and exposures) which had high survival. Furthermore, and keeping in mind that this study was not powered for this purpose, our results showed no evidence of a beneficial or harmful effect of any paramedic administered medications or clinical interventions after adjustment for other covariates.
Additionally, no prehospital time interval predicted survival in the group of NTBP or in any subgroup analysis, which is surprising considering that timeliness to treatment is important, especially in strokes.
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Since Given the evidence of RSI in head trauma might not apply to NTBP, and considering our results show that NTBP is much more prevalent than TBI, it is possible that RSI is without an evidence basis in many instances.
This data enabled the analysis of four subgroups: ischemic and haemorrhagic strokes, seizures and toxicity/toxic encephalopathy. Remarkably, concomitant seizures in those patient with haemorrhagic stroke was associated with increased survival, despite seizures being a predictor of mortality, 33 but others found increased survival similar to our results. 34 Concomitant ischemic stroke and haemorrhagic stroke showed a two-and-half times increased odds of survival, compared to haemorrhagic stokes only, and this finding remains unexplained. We speculate that in this group of RSI patients, which have a high stoke mortality, this finding could be an artefact of illness severity.
Conclusions
This analysis shows that non-traumatic brain pathologies are seven times more prevalent than traumatic brain injuries in patients that receive out-of-hospital RSI in Victoria, Australia. Since the mechanisms through which RSI impact mortality might differ between traumatic brain injuries and NTBP, and given that NTBP is ubiquitous, it follows that the use of RSI in NTBP could be unsupported. As such, there is a requirement for high quality observational research or a controlled trial that compares outcomes for RSI to no RSI in NTBP. ◊All non-missing data entries for are expressed as percentages, except for means and medians indicated with: *mean (SD); ** median (IQR). For observation variables, 'initial" refers to first observed instance by paramedic during prehospital treatment, "final" refers to the last. 
SEIZURES (N=316)
Age ( Variables included in multivariable were only those that were significant at the 5% level. 
